Interleukin-17A (IL-17A) is a CD4 T-cell-derived pro-inflammatory cytokine that is involved in human cervical tumorigenesis. Heparanase (HPSE) is an endo-glycosidase expressed in mammals, which has been confirmed to be associated with cervical cancer invasion. In the present study, it was hypothesized that IL-17A and HPSE are key proteins promoting tumor angiogenesis and cell proliferation and invasion in cervical cancer. The expression of IL-17A and HPSE in cervical cancer tissues was detected by immunohistochemical staining. In addition, the expression of IL-17A and HPSE was down-and upregulated via RNAi and human recombinant proteins, and MTT and Transwell assays were performed to examine cervical cancer cell proliferation and invasion, respectively. Flow cytometry analysis was also performed to detect cell cycle distribution, and the levels of target mRNA and protein were evaluated by reverse transcriptionquantitative polymerase chain reaction and western blotting, respectively. IL-17A and HPSE were highly expressed in cervical cancer tissues, and microvessel density was notably higher in the IL-17A-positive group. IL-17A and/or HPSE recombinant protein promoted the proliferation and invasion of cervical cancer cells, increased the proportion of cells in the G2/M phase, and enhanced the mRNA and protein expression of human papillomavirus E6, P53, vascular endothelial growth factor and CD31, whereas downregulation of IL-17A and/or HPSE exerted the opposite effects. Furthermore, downregulation of IL-17A and/or HPSE was found to inhibit the expression of nuclear factor (NF)-κB P65. In summary, IL-17A and HPSE may promote tumor angiogenesis and cell proliferation and invasion in cervical cancer, possibly via the NF-κB signaling pathway. These findings may lead to the identification of new diagnostic markers and therapeutic targets.
Introduction
Cervical cancer is the fourth most common cancer in women worldwide, with an estimated 527,600 new cases and 265,700 deaths reported in 2012 (1) . Although the association between persistent high-risk human papillomavirus (HPV) infection and the development of cervical cancer has been demonstrated by clinical epidemiology, molecular and functional studies, the specific molecular network mechanisms underlying the transition from HPV infection to tumorigenesis have not been fully elucidated. Therefore, there is an urgent clinical need to explore the potential mechanisms underlying cervical tumorigenesis and identify novel tumor markers and treatment targets, in order to ultimately prolong survival and improve the quality of life of the patients.
Interleukin-17 (IL-17) is a CD4 T-cell-derived proinflammatory cytokine, initially referred to as CTLA-8 (2) . IL-17A plays an important role in adaptive immune response and is a mediator of chronic inflammation and autoimmune diseases (3, 4) . The IL-17 receptor (IL-17R) is widely expressed on various cells, including macrophages, granulocytes, T cells, fibroblasts and endothelial cells, among others; thus, IL-17A acts on various cell types to exert its biological effects.
Recent studies have demonstrated that IL-17A promotes tumor progression in several types of cancer, such as colorectal (5) , lung (6) , breast (7) , gastric (8) and hepatocellular carcinoma (9) . Thus, IL-17 is considered as an important mediator of inflammation-related cancers (10) ; it can also induce the production of several inflammatory factors, including tumor necrosis factor-α, IL-6 and IL-1β (11) , which have been implicated in the development of tumors. IL-17A may also promote vascular endothelial growth factor (VEGF) secretion and tumor angiogenesis, as well as cell invasion and metastasis (12, 13) .
Heparanase (HPSE) is an enzyme that acts both on the cell surface and within the extracellular matrix (ECM) to degrade polymeric heparan sulfate molecules into shorterchain oligosaccharides, thereby activating macrophages to release inflammatory factors and chemokines, and ultimately promoting tumor cell growth (14) . It has been demonstrated that HPSE is expressed in several malignancies (15) (16) (17) , is associated with tumor progression and prognosis, and is involved in the regulation of tumor-related processes, such as angiogenesis, inflammation, tumor cell invasion and metastasis (18, 19) . According to the literature, IL-17A and HPSE have been found to be associated with tumor and inflammation, and mediate inflammation-related tumor development.
Our previous studies confirmed that the genotypes of IL-17A rs2275913 may play an important role in the development of cervical cancer, particularly in patients with HPV-16 or HPV-18 infection (20) . Moreover, it has been confirmed that HPSE silencing significantly reduced the invasiveness of cervical cancer cells (21) . Based on this previous research, the present study further analyzed the association between IL-17 and microvessel density (MVD) in cervical cancer by immunohistochemistry. Immunohistochemistry, Transwell and MTT assays and flow cytometry were performed to study the potential roles of IL-17A and HPSE in the development of cervical cancer, as well as the underlying molecular mechanisms, with the aim of providing a theoretical molecular basis for therapeutic targeting.
Materials and methods
Ethics statement. The present study was approved by the Ethics Committee of Zhongnan Hospital of Wuhan University. The human cervical tissue samples used in this study were obtained from patients following written informed consent.
Cell lines and samples. A total of 80 pairs of samples were obtained from patients with primary cervical cancer who had undergone surgery without chemotherapy or radiotherapy at Zhongnan Hospital of Wuhan University between March 2015 and March 2017. The diagnosis of cervical cancer was confirmed by pathological examination, and adjacent normal cervical tissues (>3 cm away from the tumor) were used as controls. The human cervical cancer cell lines HeLa and SiHa were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and cultured in DMEM (Gibco; Thermo Fisher Scientific, Shanghai, China) containing 10% FBS (HyClone; GE Healthcare, Logan, UT, USA).
Immunohistochemistry. Immunohistochemistry was performed as previously described (22) . Briefly, the cervical tissues were dissected, fixed in 4% paraformaldehyde, embedded in paraffin, sectioned at a thickness of ~7 µm, deparaffinized, rehydrated, subjected to antigen retrieval in a microwave oven and probed with primary rat antibodies against IL17A (sc-374218), HPSE (sc-515935) and CD31 (sc-71872) (mouse monoclonal antibodies, 1:100, Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Secondary antibodies combined with streptavidin-horseradish peroxidase (sc-516102, 1:100; Santa Cruz Biotechnology, Inc.) were used to detect IL-17A, HPSE and CD31 expression. In negative controls, primary antibodies were omitted and phosphate-buffered saline (PBS; pH 7.4) was used instead. To analyze the results, the sections were examined and images were captured with an Olympus BX-40 microscope (Olympus Corp., Melville, NY, USA).
Transfection of plasmids. Pre-designed shRNA against HPSE and IL-17A and negative control shRNA were purchased from GenePharma (GenePharma Co., Ltd., Shanghai, China). The shRNA were transfected into cells seeded on 6-well plates at a density of 10,000 cells/well, as described previously (23) . Briefly, after 24 h of culture in DMEM, the cells were transfected with the HPSE, IL-17A and negative control shRNA at a final concentration of 10 nM using Lipofectamine™ 3000 (Invitrogen; Thermo Fisher Scientific, Carlsbad, CA, USA) according to the manufacturer's protocol. At 48 h post-transfection, cells were harvested for further experiments.
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA was extracted from cell lines with TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific) according to the manufacturer's protocol. cDNA was synthesized by reverse transcription of the total RNA. RT-qPCR was performed using a SYBR Green Real Time PCR Kit (Toyobo Co., Ltd., Osaka, Japan) in a 10-µl reaction volume, which contained 1 µl cDNA template, 0.2 µl of each primer, 3.6 µl DEPC-H 2 O, and 5 µl SYBR Green dye, using an ABI Step One Plus™ Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific). The cycling conditions for the amplification of genes were as follows: Initial denaturation at 95˚C for 30 sec, followed by 40 cycles of denaturation at 95˚C for 5 sec, annealing at 60˚C for 10 sec and elongation at 72˚C for 30 sec. The relevant primers are listed in Table I .
Western blot analysis. Western blot analysis was performed as described previously (24) . Briefly, total protein was extracted from cells using radio-immunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) supplemented with protease and phosphatase inhibitors (Sigma-Aldrich; Merck KGaA, St. Louis, MO, USA). Equal amounts of protein samples were loaded and separated by 10% SDS-PAGE, prior to being electrophoretically transferred to 0.44-µm PVDF membranes (Millipore, Bedford, MA, USA) at 250 mA for 60 min on ice. The non-specific binding sites on the membrane were blocked with 5% fat-free milk in TBS containing 0.1% Tween-20 at room temperature for 2 h. Then, the membranes were incubated with a primary antibody (Santa Cruz Biotechnology, Inc.) at 4˚C overnight and developed with a secondary antibody conjugated to HRP (Santa Cruz Biotechnology Inc.) at room temperature for 1.5 h. Finally, the proteins were visualized using enhanced chemiluminescence luminol reagent (PerkinElmer, Inc., Boston, MA, USA) and band intensities were quantified using ImageJ software (National Institutes of Health, Bethesda, MD, USA). GAPDH was used as a loading control.
Cell cycle distribution analysis. At 48 h after transfection with shRNA or treatment with recombinant proteins (HPSE, ab232817, ProSpec-Tany; IL-17A, ab9567, Abcam, Cambridge, UK), the cells were detached and fixed with 70% ethanol at -20˚C overnight. Subsequently, the cells were collected by centrifugation at 500 x g for 5 min, washed with PBS and incubated with 25 µg/ml RNase A and 50 µg/ml propidium iodide (PI) for 30 min in the dark. In a total of 2x10 4 cells, the cell cycle distribution was mapped by flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) under excitation and emission wavelengths of 488 and 525 nm, respectively.
Cell proliferation. CCK-8 assays were performed to evaluate cell proliferation. For the CCK-8 assays, 5x10 3 cells/well transfected with shRNA or treated with recombinant proteins were seeded into 96-well plates, cultured in DMEM for 72 h and incubated for another 2 h after CCK-8 (10 µl; American Type Culture Collection, Manassas, VA, USA) was added into each well. The cell proliferation status was determined from the absorbance of culture plates using ELISA readers (Tecan, Port Melbourne, Australia) at 450 nm after 24 h.
Transwell assays. Transwell assays were used to examine cell invasion. At 24 h after transfection with shRNA or treatment with recombinant proteins, 8x10 4 cells/well were cultured in 200 µl serum-free DMEM and then transferred to an upper Transwell chamber containing an 8-µm pore size membrane coated with Matrigel (BD Biosciences), while the lower chamber was filled with 800 µl DMEM supplemented with 10% FBS. After 48 h, the invaded cells on the lower side of the membrane were fixed in methanol and stained with 0.1% crystal violet solution (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). The cells were then counted under a microscope (Olympus Corp., Tokyo, Japan).
Statistical analysis. Statistical analyses were conducted with SPSS v.22.0 software (IBM Corp., Armonk, NY, USA). Data are expressed as the mean ± standard error of ≥3 independent experiments. The correlation between variables was determined using Spearman's correlation. Differences between groups were evaluated using the Student's t-test or one-way analysis of variance, and P-values <0.05 were considered to indicate statistically significant differences.
Results
IL-17A and HPSE are highly expressed in cervical cancer and may promote tumor angiogenesis. According to the results of immunohistochemistry, IL-17A was mainly expressed in cancer cells, with the staining mainly distributed in the cytoplasm; HPSE staining was also distributed in the cytoplasm, as well as being occasionally visible in the nucleus (Fig. 1A) . The positive expression rates of IL-17A and HPSE in cervical cancer tissues were both ~70%, and according to the correlation analysis, there was a significant positive correlation between the two (Fig. 1B , Table II ). Among patients with cervical cancer, there were 56 cases with IL-17A-positive expression, in which the MVD was 41.567±16.72, while in the 24 cases with IL-17A-negative expression the MVD was 32.332±8.31. The MVD was significantly higher in the IL-17A-positive group compared with that in the IL-17A-negative group (P<0.001; Fig. 1C , Table III ).
IL-17A and HPSE promote cell proliferation and invasion.
HPSE shRNA experimental groups were established as Table III . Association between IL-17A and MVD. yielded the same results ( Fig. 2A) . SiHa and HeLa cells were treated with recombinant protein (HPSE: 500 ng/ml; IL-17A: 20 ng/ml) or shRNA. After 24 h of incubation, the proliferation rate of cells was measured. The IL-17A and HPSE recombinant proteins were found to promote cell proliferation; moreover, the IL-17A and HPSE recombinant proteins exerted an additive effect; after the IL-17A and HPSE genes were silenced, the cell proliferation rate was significantly decreased, with the inhibition induced by IL-17A and HPSE shRNA co-transfection being the most notable (Fig. 2B) . The invasion of cervical cancer cells was detected using a Transwell assay following treatment with recombinant protein or shRNA. It was observed that the numbers of cells invading to the lower chamber in the IL-17A, HPSE and IL-17A + HPSE groups were significantly higher compared with those in the NC and blank control groups (P<0.01). Moreover, the number of invaded cells in the sh-IL-17A, sh-HPSE and sh-IL-17A + HPSE groups was significantly lower compared with that in the NC and blank control groups (P<0.01) (Fig. 2C) .
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The proportion of cells in the G2/M phase was increased by
IL-17A and HPSE. Cell cycle distribution was measured by flow cytometry. The proportion of cells in the G2/M phase in the IL-17A HeLa, HPSE HeLa and IL-17A + HPSE HeLa cell groups was significantly higher compared with that in the control HeLa cell groups (P<0.01). These results demonstrated that IL-17A and HPSE recombinant proteins significantly increased the rate of HeLa cell proliferation. The SiHa cell groups exhibited similar changes (Fig. 3A) . Conversely, following silencing of IL-17A and/or HPSE in HeLa and SiHa cells, the number of cells in the G2/M phase was significantly reduced compared with the corresponding control groups (P<0.01). Moreover, IL-17A and HPSE gene silencing exerted an additive effect in inhibiting cell proliferation (Fig. 3B ).
IL-17A and HPSE can increase the mRNA and protein levels of HPV E6, CD31, VEGF and P53. Compared with NC cells, the expression levels of HPV E6, CD31, VEGF, HPSE, L17A and P53 in HeLa and SiHa cells were significantly increased following treatment with IL-17 or HSPE recombinant protein (P<0.05) (Fig. 4A ). However, after silencing of HPSE and IL-17A gene expression, the mRNA and protein levels of HPV E6, CD31, VEGF, HPSE and L17A in HeLa and SiHa cells were significantly decreased (P<0.05; Fig. 4B ).
Detection of NF-κB P65 protein expression by western blotting. The expression of the NF-κB P65 protein in HeLa and
SiHa cells was found to be decreased following inhibition of IL-17A or HPSE. However, inhibition of P53 gene expression significantly increased the protein expression of NF-κB P65; compared with the control group, the difference was statistically significant (P<0.05; Fig. 5 ).
Discussion
Since Rudolph Virchow identified inflammatory cells in tumor tissue and formulated the hypothesis that tumors may originate from chronic inflammation, the association between tumors and inflammation has become an important focus in the study of tumorigenesis. Inflammation is considered to be a defense mechanism by which the body resists invasion by pathogens. When the inflammatory response initiates an innate immune response, the immune response cells release a range of inflammatory cytokines, such as IL-1, IL-6, IL-17 and IL-23. Furthermore, inflammatory-related transcription factors, such as NF-κB and STAT3, are also activated (25, 26) . When such an inflammatory microenvironment forms around tumor tissue, it may promote tumor growth. IL-17A is a recently identified pro-inflammatory cytokine that plays an important role in the development of several chronic inflammatory conditions and cancers by binding to its receptor, IL-17R. The progression from persistent HPV infection to cervical cancer has been associated with an inflammatory microenvironment containing Th17 cells. As a catalyst of heparan sulfate cleavage, HPSE is associated with the shedding of biologically active molecules and remodeling of the ECM, which are involved in the regulation of tumor-related processes, including angiogenesis, cell invasion, metastasis and inflammation (15) . HPSE not only promotes cell-to-cell transmission, but also promotes the growth of primary tumor blood vessels and accelerates the migration of tumor cells (27) .
Studies to date have demonstrated that IL-17A and HPSE are involved in inflammation and tumorigenesis, and that both are associated with the expression of the HPV E6 protein (28, 29) . In the present study, recombinant protein stimulation and RNA interference were used to up-and downregulate, respectively, the expression of IL-17A and HPSE in cervical cancer cell lines. The cell proliferation and invasion abilities were significantly enhanced following treatment with recombinant protein, particularly following combined treatment with recombinant IL-17A and HPSE. By contrast, upon downregulation of the expression of HPSE and IL-17A, the cell proliferation and invasion rates were significantly attenuated; this effect was more obvious upon suppression of both genes, suggesting that HPSE and IL-17A can promote the proliferation and invasion of cervical cancer cells, and that their effects are additive.
In order to further investigate the specific mechanisms of action of IL-17A and HPSE in cervical cancer, the expression of HPV E6, VEGF, CD31 and P53 were assessed, and it was observed that they were all upregulated when IL-17A and HPSE were upregulated, and vice versa; moreover, when P53 was inhibited, the expression of both IL-17A and HPSE increased. IL-17A and HPSE regulate the expression of VEGF and CD31, both of which are markers of angiogenesis, and the results of the immunohistochemical examination revealed that MVD was significantly higher in tumor tissues of the IL-17A-positive group compared with the IL-17A-negative group. Therefore, IL-17A and HPSE may promote cervical cancer growth, invasion and metastasis by inducing tumor angiogenesis. The results of the present study are consistent with previously published results (13, 30) . Yan et al recently demonstrated that loss of histone deacetylase 6 (HDAC6) in mice stimulated the development of IL-17-producing γδ T cells, indicating that HDAC6 may repress IL-17 production in T cells (31) . These results, combined with those of the present study, indicate that inhibition of HDAC6 promotes the expression of IL-17, which may be involved in cervical cancer cell proliferation and invasion, and tumor angiogenesis. However, Lin et al reported that inhibition of HDAC activity specifically triggered cervical cancer cell death through interruption of E6 and E7 signaling (32) . Therefore, the precise role of HDAC in cervical cancer requires further investigation.
NF-κB is a pleiotropic transcription factor that specifically binds to κB sites on multiple gene promoters to facilitate transcriptional expression (33) . In recent years, the role of NF-κB in tumors has been a focus of numerous studies. NF-κB is at the junction of multiple types of stimulating signals that affect various aspects of the steady state of cells, and it may thereby serve as a mediator of tumor development. In the present study, following inhibition of IL-17A or HPSE, the expression of NF-κB in SiHa and HeLa cells was significantly decreased. As NF-κB is regulated by stimuli such as oxidative stress, bacterial lipopolysaccharide and cytokines, among others, and can regulate the production of pro-inflammatory cytokines, cell surface receptors, transcription factors and adhesion molecules, it was hypothesized that IL-17A may affect the development of cervical cancer through activating the NF-κB signaling pathway.
However, the present study had several limitations. First, patients were not followed up postoperatively; therefore, survival analysis results were not provided. Second, in the present study, IL-17A and HPSE were found to promote angiogenesis and cell proliferation and invasion in cervical cancer; however, the specific upstream and downstream mechanisms linking IL-17A and HPSE molecules were not investigated in detail. Therefore, we plan to perform cell and animal studies to investigate the exact pathways associated with both IL-17A and HPSE in cervical cancer. Large-scale, well-designed studies elucidating issues such as whether IL-17A can activate the JAK/STAT pathway to regulate angiogenesis and, thus, contribute to cervical carcinogenesis, as well as clinical research trials, are required to fully elucidate the pathogenesis of cervical cancer.
In conclusion, IL-17 appears to promote cell proliferation and invasion and angiogenesis in cervical cancer, which may be enhanced by the additive effect of HPSE. The present and future studies on these molecular aspects are of great value, as they may provide a novel experimental basis and potential clinical targets to improve the treatment and prognosis of patients with cervical cancer. Figure 5 . Expression of nuclear factor (NF)-κB p56 in HeLa and SiHa cells following target protein knockdown. HeLa and SiHa cells (1x10 6 cells/well) were treated with sh-HPSE and/or sh-IL-17A or sh-p53 for 24 h, then NF-κB P65 protein levels were determined by western blotting and normalized to the expression of the housekeeping gene GAPDH. HPSE, heparanase; IL, interleukin; NC, negative control.
